Summary Three populations of Cyperus tenuispica Steud. belonging to family Cyperaceae were collected from different localities of North India. The meiotic behavior, chromosome number, morphological analysis and pollen fertility were studied. The investigations revealed the existence of two cytotypes with n=8 in two populations and with n=7 in one population. Basic chromosome number of the Cyperus is n=8 and C. tenuispica shows same chromosome number. The plants of the population with n=7 is an aneuploid. The population with aneuploid chromosome number n=7 showed abnormal meiosis i.e., chromatin bridges, laggards, stickiness, and reduced pollen fertility. Three populations exhibit a difference in plant height, length of leaves, number of rays, number of spikelets and number of glumes per spikelet.
Cyperaceae is the third largest and cosmopolitan family with approximately 5400 species in 103 genera currently recognized (Roalson 2008) . In India, about 400 species of the family are found as a dominant constituent of the marshy flora. The family is well known for having cytological peculiarities like pseudo-monad pollen grain development (Juel 1900) , diffuse kinetochores (Heilborn 1924) , post-reductional meiosis (Wahl 1940) , chromosome fission and fusion often referred to as agmatoploidy (Davies 1956) .
C. tenuispica is an annual plant of wet habitats and moist areas. It is a weed in rice fields and also the roadsides. Many workers have carried out cytological studies on Indian sedges including members of Cyperus. Cheema et al. (1992 Cheema et al. ( , 1993 have reported the chromosomal variability in C. rotundus Linn. and in section Pycreus (Beauv.) Griseb. from Northwest India. Mehra and Sachdeva (1975) conducted the cytological in some members of West Himalayan Cyperaceae and, Tejavathi and Nijalingappa (1990) worked on mitotic counts of members of Cyperaceae from South India. As a part of our ongoing project on cytological surveying of Cyperaceae on population basis from North India, the present cytogenetic investigation was carried out on C. tenuispica from hilly states of India (Himachal Pradesh and Uttarakhand). Three populations collected from localities were investigated for their chromosome number, meiotic behavior and plant morphology to get fundamental information of this species in North India.
Materials and methods

Sample collection
Materials for male meiotic and morphological studies were collected from the paddy fields and the roadsides in Himachal Pradesh (HP) and Uttarakhand (UK), India (Table 1) 
Meiotic and pollen fertility preparations
The young spikelets suitable for meiotic observations were fixed in Carnoy s fixative for 24 h and then stored in 70% ethanol at 4 C until use. For meiotic studies, anthers were squashed in 2% acetocarmine. Freshly prepared slides were examined for meiotic analysis and chromosome counts at each meiotic stage. Pollen fertility was estimated through stainability test, for which the mature anthers were squashed in glycerol-acetocarmine (1 : 1). Pollen grains with uniformly stained cytoplasm were considered fertile and unstained or partially stained pollen grains were counted as sterile. Photomicrographs were taken from the temporary preparations using a Magnus MLX Plus Microscope.
Results
Three populations (Pops. I, II, III) of C. tenuispica collected from North India were examined. The two populations Pop. I and II from Himachal Pradesh were with chromosome number n=8 (Fig. 1A-F ) which confirmed the previous reports (Mehra and Sachdeva 1971 , 1975 , Rath and Patnaik 1974 , Nijalingappa et al. 1978 , Tejavathi and Nijalingappa 1990 . The plants of the third population Pop. III collected from Uttrakhand showed the chromosome number n=7 (Fig. 1G-H ) which is the first ever aneuploid chromosome number report for this species.
The plant specimens of the three populations showing morphological details are given in Fig. 2 and the numerical morphometric data about the ten accessions of each population is provided in the Table 1 . The specimens of Pop. I were collected from Gopalpur, district Palampur (altitude 1472 m), Himachal Pradesh from the rice fields. The plants were tallest among the three populations with plant height 28-36 cm ( Fig. 2A) . The leaf sheath length was 5.3-7.5 cm and leaf length 8.2-9.2 cm. Inflorescence of the plants was composed of 10-14 rays with the 10-15 spikelets per ray. Each spikelet had 20-28 glumes. Each glume subtended and hidden two stamens and the single ovary. The meiotic course was perfectly normal and the PMCs at M I revealed eight bivalents (Fig. 1A) which is further confirmed by eight chromosomes in the pollen mitotic cells (Fig. 1B) . This population showed the highest pollen fertility (90.28%) and fertile pollen is shown in (Fig. 1C) .
The plants of Pop. II collected from the rice fields from the village Bathri near Dalhousie (altitude 1970 m), Himachal Pradesh, were medium sized. Plant height was 9.5-13 cm and the number of rays in the inflorescence 8-12 (Fig. 2B) . The numbers of spikelets, glumes, and their measurements were same as that of specimens of Pop. I. The PMC at M I was with eight bivalents (Fig.  1D ) and the pollen mitotic cells had eight chromosomes (Fig. 1E) . Chromosome stickiness was observed in 15.38% of the PMCs in this population. Fertile pollen is shown in (Fig. 1F ) and pollen fertility of the population was 89.33%.
The plants of Pop. III collected from the village Prola in district Uttarkashi, Uttarakhand (altitude 1220 m), were smallest (Fig. 2C) . The plant height was about 7-8.9 cm with 5-7 rays in the inflorescence. Each ray had 4-10 spikelets with 12-18 glumes per spikelet. The plant exhibited chromosome number n=7 (Fig. 1G-H) which is the first time record for this species. Male meiosis in these plants was much impaired with a number of meiotic abnormalities, chromatin bridges, laggards and chromosome stickiness (Fig. 1J-L) . The chromatin bridges at A I were observed in 11.76% of the PMCs. The chromosomal stickiness was observed in 22.85% of the PMCs and 16.21% of the PMCs were with laggards. The pollen fertility of this population was 72.65% which is the lowest among the investigated populations and Fig.  1I shows the fertile pollen for this population.
Discussion
Cyperus is polybasic having x=8, 9, 10, 11, 12 and 13. Darlington and Wylie (1955) proposed x=8 and 9 for C. sensu stricto confirmed by Rath and Patnaik (1974) and Mehra and Sachdeva (1976) . Subramanium (1988) considered that x=8 as the primary base number for the Cyperaceae. According to him, x=8 have given rise to other basic numbers x=9, 10, and 11 by means of aneuploidy.
The presently investigated populations are diploids based on the base number x=8. Pop. III had been observed to possess meiotic chromosome number n=7 which is a new report for this species as well as for the Cyperus and is an aneuploid number. From the previous reports, Cyperaceae is characterized by extensive aneuploid series (Stebbins 1971 , Cheema and Bir 1994 , 1997 , Cheema and Gupta 2012 . High aneuploid series of chromosome numbers found in the Cyperaceae are probably modified the form of polyploidy through increase or decrease in chromosome number (Stebbins 1950) . Chromosomal records indicate widely varying chromosome numbers for the Cyperus with 41 cytotypes with more than one base number or aneuploidy (Kaur and Gupta 2008-2009) . Chromosomal fission and fusion are the main factors responsible for aneuploidy in Cyperaceae with diffuse centromere (Håkansson 1954 , Jones 1978 .
The cytoplasmic bridges (11.76%) observed in the Pop. III with n=7 may be due to interlocking of bivalents (Bhattacharjee 1953) or failure of chiasmata to terminalize (Saylor and Smith 1966) . Spindle abnormalities were observed which result in the formation of laggards. Chromosome stickiness was abnormality observed in 22.85% PMCs at M I in Pop. III and 15.38% in the Pop. II where chromosomes formed compact chromatin cluster. Pollen fertility in the Pop. III was low (72.65%) which may be caused by the abnormality in meiosis. The new aneuploid chromosome number n=7 is recorded in one population of C. tenuispica. The cytomorphological variations in the different populations of the present species suggested the importance of analysis on the population basis so as to unravel the genetic variability in species.
